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(54) Solid state liquid level sensor and pump controller 



(57) A liquid level controller for a device having a 
liquid reservoir (10) includes a control board (26) and a 
reservoir assembly (20). The reservoir assembly (20) is 
disposed within the reservoir (10) and includes a liquid 
level sensor (20), which is electrically connected to the 
control board (26). The control board (26) includes a 
control circuit (28) and a pump (32). The control circuit 
(28) has a resistive power supply (1 5) to power the con- 
trol circuit (28). The control circuit (28) controls the pump 



(32) in response to signals from the level sensor (20) 
and includes a CMOS logic gate (U1 A) and a MOSFET 
transistor (Q2) to switch the pump (32). The control cir- 
cuit (28) further includes a second resistive power sup- 
ply (13) connected to a relay (RY1) which controls an 
alarm (34). The second power supply (13) is activated 
by a transistor (Q1) responsive to an alarm signal from 
the level sensor (20), and powers the relay (RY1) only 
when the alarm signal is present. 
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Description 

1. Field of the Invention. 

[0001] The present invention relates generally to a 5 
control circuit for a pump motor, and more particularly 
to a liquid level control circuit which automatically main- 
tains the liquid level in a reservoir within a predeter- 
mined range. 

2. Description of the Related Art. 

[0002] Previous liquid level controlling devices typi- 
cally include three separate assemblies: a reservoir as- 
sembly, a pump assembly, and a main control board. 
The reservoir assembly uses a magnet float/magnetic 
reed switch configuration to sense the level of liquid in 
the reservoir. Three magnetic reed switches situated 
within the reservoir at different levels provide signals to 
the main control board when the liquid level brings the 
magnetic float into proximity with the switches. These 
signals activate and deactivate a separately packaged, 
thermally protected, electrically isolated pump to adjust 
the liquid level. The main control board uses a power 
transformer to derive power for its electronics and an 
electromechanical relay to activate and deactivate the 
pump. An additional electromechanical relay is used to 
activate an alarm circuit when the liquid level reaches a 
predetermined level. This transformer/multiple relay 
configuration results in substantial power consumption, 
even in a standby condition when the pump is not active. 
[0003] The present invention provides a liquid level 
controller having a reservoir assembly and a control 
board/pump assembly. The reservoir assembly includes 
sensors which sense the liquid level in the reservoir and 
provide signals to the control board/pump assembly in- 
dicating the liquid level. The control board/pump assem- 
bly includes a control circuit having a line voltage recti- 
fier and two separate resistive power supplies. One sup- 
ply powers the pump control circuit. The other supply is 
used to activate an alarm through an alarm relay, but 
only consumes power when the alarm is activated. A 
solid-state MOSFET transistor and a CMOS logic gate 
activate and deactivate the pump and provide the nec- 
essary pump hysteresis. This solid-state circuit is relia- 
ble in operation and consumes low power during pump- 
ing and when in the standby condition. 
[0004] The present invention provides a circuit for 
maintaining the level of liquid in a reservoir by controlling 
the operation of a pump for removing liquid from the res- 
ervoir in response to a start signal from a liquid level 
sensor indicating that the liquid level is outside a desired 
range. The circuit includes a resistive power supply to 
power the circuit, a logic gate for outputting a pump sig- 
nal in response to receipt of the level signal, and a tran- 
sistor coupled between the logic gate and the pump. The 
transistor enables the pump in response to receipt of the 
pump signal. 



[0005] The present invention further provides a con- 
troller for a liquid reservoir having a sensor disposed 
within the reservoir The sensor outputs a start signal 
indicating a level of the liquid in the reservoir. The con- 
troller includes a control circuit coupled to the sensor for 
receiving the start signal, and a non-isolated pump con- 
nected to the control circuit. The pump adjusts the liquid 
level when activated. The control circuit activates the 
pump in response to receipt of the start signal. 
[0006] The present invention further provides a con- 
trollerfor a device having a liquid reservoirand an alarm, 
including a first resistive power supply for converting an 
AC power input to a first DC voltage, a logic circuit pow- 
ered by the first DC voltage, a non-isolated pump cou- 
pled to the logic circuit, a second resistive power supply 
for converting the AC power input to a second DC volt- 
age, and an alarm circuit using the second DC voltage 
to activate the alarm. 

[0007] The above mentioned and other features of 
this invention, and the manner of attaining them, will be- 
come more apparent and the invention itself will be bet- 
ter understood by reference to the following description 
of embodiments of the invention taken in conjunction 
with the accompanying drawings, wherein: 

Figure 1 is a block diagram of a liquid level controller 
according to the present invention; 
Figure 2 is a side elevation al view of a control board/ 
pump assembly of the liquid level controller of Fig- 
ure 1; 

Figure 3 is a perspective view of the control board/ 
pump assembly of Figure 2; 
Figure 4 is a schematic diagram of the control 
board/pump assembly of Figure 3; and 
Figure 5 is a schematic diagram of a reservoir as- 
sembly including three reed switches. 

[0008] Corresponding reference characters indicate 
corresponding parts throughout the several views. Al- 
though the drawings represent embodiments of the 
present invention, the drawings are not necessarily to 
scale and certain features may be exaggerated to better 
illustrate and explain the present invention. 
[0009] The embodiments disclosed below are not in- 
tended to be exhaustive or to limit the invention to the 
precise forms disclosed. Rather, the embodiments are 
disclosed to enable one skilled in the art to practice the 
invention. 

[0010] Referring to Figure 1 , a liquid level controller 
according to the present invention is used to control the 
liquid level in an enclosed reservoir 10. The controller 
generally includes a reservoir assembly 20 and a circuit 
board referred to as a control board/pump assembly 26. 
[0011] Reservoir assembly 20 is disposed within res- 
ervoir 10 and includes a magnetic float 22 and a circuit 
board 24 to which are mounted reed switches S1, S2, 
and S3. Reed switches S1 , S2, S3 are electrically con- 
nected to control board/pump assembly 26 by wires 40, 
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42, 44. Wire 45 carries 8.2 VDC from control board/ 
pump assembly 26 to circuit board 24. 
[0012] Control board/pump assembly 26 generally in- 
cludes a control circuit 28, a thermal protector 31 , and 
a pump 32. Thermal protector 31 and pump 32 are en- 
capsulated on control board/pump assembly 26. As 
shown in Figures 2 and 3, pins 46, 48 and 50 of pump 
32 connect to control board/pump assembly sockets 52, 
54 and 56, respectively. An AC power supply 30 pro- 
vides 230 VAC to control circuit 28 and pump 32. An 
alarm 34 is electrically connected to control circuit 28. 
Tubing 36 f luidly connects reservoir 1 0 to pump 32, and 
tubing 38 provides a drain path for the liquid removed 
from reservoir 10 by pump 32. 

[0013] Referring now to Figure 4, control circuit 28 re- 
ceives 230 VAC power through connector J1 . The high 
side of the power signal is rectified by diode D1 . The 
rectified signal is provided to a pair of resistive power 
supplies 13, 15 and pump 32 at pin 52. One resistive 
power supply 13 includes resistor R6, zener diode D2, 
and capacitor C2 and provides 8.2 VDC to other com- 
ponents in control circuit 28 and reed switches S1 , S2, 
S3 through connector J2. The other resistive power sup- 
ply 15 includes resistors R2, R3, R4, R5, zener diode 
D3, and capacitor CI and provides 24 VDC to alarm 34 
as further described below. 

[0014] As shown in Figure 5, the 8.2 VDC signal is 
provided to one side of each of reed switches S1 , S2, 
S3 on circuit board 24 of reservoir assembly 20. The 
other side of reed switches S1 , S2, S3 are connected to 
connector J2 by wires 44, 42, 40 to supply a stop input, 
a start input, and an alarm input, respectively, to control 
circuit 28. In reservoir 1 0, reed switches S1 , S2, S3 are 
arranged on circuit board 24 so that switch S1 is the low- 
est relative to the liquid level, switch S2 is the highest, 
and switch S3 is between switch S1 and switch S2. It 
should be understood that any of a variety of alternative 
level sensing techniques may be employed according 
to principles well known in the art. For example, reed 
switches S1 , S2, S3 may readily be replaced with hall 
effect sensors or capacitive sensors by one of ordinary 
skill in the art. 

[0015] The stop input provided by stop switch S1 is 
either an open or 8.2 VDC and is connected to a first 
input of the CMOS AND gate U1 A. The stop input is 0 
VDC (logic "0") when stop switch S1 is open and 8.2 
VDC (logic "1") when stop switch S1 is closed. Resistor 
R8 is a pull-down resistor when stop switch S1 is open 
and combines with capacitor C5 to provide a delay when 
switch S1 transitions from closed to open. 
[0016] The start input provided by start switch S3 is 
either an open or 8.2 VDC and is connected to a second 
input of AND gate U1 A. The start input is 0 VDC (logic 
"0") when start switch S3 is open and 8.2 VDC (logic 
tt 1") when start switch S3 is closed. Resistor R7 is a pull- 
down resistor when start switch S3 is open and com- 
bines with capacitor C4 to provide a delay when start 
switch S3 transitions from closed to open . The start input 



is also connected through diode DD1 A to the gate of the 
pump MOSFET transistor Q2 to turn on transistor Q2 
when the start input is a logic "1 ." 
[0017] The output of AND gate U1A is connected to 

5 the gate of pump transistor Q2 through diode DD1B. Re- 
sistor R1 0 and capacitor C6 combine to provide a delay 
when the input to the gate of pump transistor Q2 transi- 
tions from a logic "1" to a logic "0." The output of AND 
gate U 1 A is also connected via resistor R9 to the second 

10 input of AND gate U1A, which is connected to the start 
input. Resistor R9 is a hold-up when the output of AND 
gate U1 A is a logic "1 " and the start input transitions from 
a logic "1" to a logic "0." 

[0018] The source of pump transistor Q2 is connected 

15 to an electrical common and the drain is connected 
through thermal protector 31 to pump 32 at pin 56. Ther- 
mal protector 31 protects pump 32 from excessive cur- 
rent or excessive temperature or both by interrupting 
power to pump 32 according to principles commonly 

20 known in the art. When pump transistor Q2 is on, it pro- 
vides a path to ground for the power to pump 32. 
[0019] Switch S2 provides an alarm input to control 
circuit 28 through connector J2 as either an open or 8.2 
VDC. The alarm input is connected to the gate of the 

25 alarm MOSFET transistor Q1 . The alarm input at the 
gate of alarm transistor Q1 is 0 VDC (logic "0") when 
alarm switch S2 is open and 8.2 VDC (logic "1") when 
alarm switch S2 is closed. Resistor R11 is a pull-down 
resistor when alarm switch S2 is open, and combines 

30 with capacitor C3 to provide a delay when alarm switch 

52 transitions from closed to open. 

[0020] The source of alarm transistorQI isconnected 
to the electrical common and the drain is connected to 
capacitor C1 , the anode of zener diode D3 of 24 VDC 

35 resistive power supply 15, and an input of relay RY1 . 
When alarm transistor Q1 is on, it provides a path to 
ground for relay RY1 such that power supply 15 gener- 
ates 24 VDC across the input pins of relay RY1 . Alarm 
34 is connected to relay RY1 through connector J3. 

40 When relay RY1 is energized (with 1 8 to 24 volts across 
its input pins, depending upon the AC cycle) the circuit 
for alarm 34 is completed and alarm 34 will signal as is 
further described below. Power supply 1 5 remains inac- 
tive except when the alarm input is provided by alarm 

45 switch S2. 

[0021] In operation, the present invention is used to 
control the liquid level in reservoir 1 0 by activating pump 
32 at appropriate times in response to signals from 
switches S1 , S2, S3. When the liquid begins to rise in 

50 reservoir 10, stop switch S1 is closed by its proximity to 
magnetic float 22. 8.2 VDC is then present at the stop 
input of connector J2, generating a logic "1" on the first 
input of AND gate U1 A. This does not cause pump 32 
to run since the second input of gate U1 A is still a logic 

55 "o." As the liquid continues to rise in reservoir 10, start 
switch S3 is closed by magnetic float 22. Start switch 

53 provides a logic "1" start signal to the second input 
pin of AND gate U1 A through the start input of connector 
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J2 indicating that the liquid level is outside the desired 
range. When both inputs of AND gate U 1 A are logic "1 ," 
the output of AND gate U1 A becomes a logic "1 ," switch- 
ing on pump transistor Q2 which provides a path to 
ground for pump 32. 

[0022] Under normal conditions, pump 32 will begin 
to lower the liquid level in reservoir 10. As the liquid level 
falls below the level of the start switch S3, switch S3 
opens, but pull-up resistor R9 holds the second input of 
AND gate U1 A to a logic "1 Thus, the output of AND 
gate U1 A remains a logic "1 ." When the liquid level falls 
below the level of stop switch S1 , switch S1 opens, re- 
sulting in a logic "0" at the first input of AND gate U1 A. 
This causes the output of AND gate U1 A to transition to 
a logic "0," deactivating pump transistor Q2, which in 
turn deactivates pump 32. 

[0023] If the liquid level in reservoir 10 continues to 
rise even though pump 32 is operating, the liquid level 
may rise to the level of switch S2 and cause switch S2 
to close. Alarm switch S2 then provides a logic "1" 
through connector J2 to the gate of alarm transistor Q1 . 
Transistor Q1 thus provides a path to ground for relay 
RY1 which turns on alarm 34. Alarm 34 may alert an 
operator or automatically shutdown the system produc- 
ing the liquid in the reservoir, or both. In the above con- 
figuration, alarm 34 consumes no power until alarm 
switch S2 closes and turns on alarm transistor Q1 . 
[0024] The voltage levels and logic values of the 
above embodiment may be different depending on the 
application. Although the present invention has been 
shown and described in detail, the same is to be taken 
by way of example only and not by way of limitation. Nu- 
merous changes can be made to the embodiments de- 
scribed above without departing from the scope of the 
invention. This application is therefore intended to cover 
any variations, uses, or adaptations of the invention us- 
ing its general principles. Further, this application is in- 
tended to cover such departures from the present dis- 
closure as come within known or customary practice in 
the art to which this invention pertains. 



Claims 

1 . A circuit for maintaining the level of liquid in a res- 
ervoir (10) by controlling the operation of a pump 
(32) for removing liquid from the reservoir (10) in 
response to a start signal from a liquid level sensor 
(20) indicating that the liquid level is outside a de- 
sired range, the circuit characterized by a resistive 
power supply (15) to power the circuit, a logic gate 
(U1 A) for outputting a pump signal in response to 
receipt of the start signal, and a transistor (Q2) cou- 
pled between the logic gate (U1A) and the pump 
(32), the transistor (Q2) enabling the pump (32) in 
response to receipt of the pump signal. 

2. The circuit of claim 1 further characterized in that 



the level sensor (20).provides a stop signal indicat- 
ing that the liquid level is within the desired range, 
the logic gate (U1 A) outputting the pump signal in 
response to simultaneous receipt of both the start 
5 signal and the stop signal. 

3. The circuit of claims 1 or 2 further characterized in 
that the pump (32) is non-isolated. 

10 4. The circuit of any of the previous claims further 
characterized by a circuit board (26) including the 
resistive power supply (15), the transistor (Q2), and 
the pump (32), the pump (32) being encapsulated 
on the board. 

15 

5. The circuit of any of the previous claims further 
characterized by a second resistive power supply 
(13) for powering an alarm (34), the second resis- 
tive power supply (13) being inactive except when 

20 power is required to operate the alarm (34). 

6. The circuit of claim 5 further characterized by a 
second transistor (Q1) which is activated by an 
alarm signal outputted by the sensor (20), activation 

25 of the transistor (Q1) causing the second resistive 
power supply (13) to activate a relay (RY1) coupled 
to the alarm (34), thereby activating the alarm (34). 

7. The circuit of any of the previous claims further 
30 characterized in that the sensor (20) is disposed 

in the reservoir (10) and provides the start signal 
when the level of liquid in the reservoir (1 0) reaches 
a first predetermined level. 

35 8. The circuit of any of claims 2-7 further character- 
ized in that the sensor (20) provides the stop signal 
when the level of liquid in the reservoir (1 0) reaches 
a second predetermined level. 

40 9. The circuit of any of the previous claims further 
characterized in that the logic gate (U1A) is a 
CMOS AND gate. 

10. The circuit of any of the previous claims further 
45 characterized in that the transistor (Q2) is a MOS- 
FET transistor, the logic gate (U1A) providing the 
pump signal to a gate of the transistor (Q2). 
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